This study examines the short-term relationship between stock market returns and implied volatility using high frequency data . This is the first study to analyze high frequency data on the VKOPSIa newly introduced volatility index implied by the KOSPI200 options. KOSPI 200 optioins are the most actively traded derivative contracts in the world and trading is dominate by individuals. We find a strong asymmetric and negative return-volatility relationship both at the daily and intraday frequency, which cannot be explained by the standardhypotheses on the asymmetric volatility effect.
Introduction
The relationship between stock market returns and volatility has been the subject of a number of studies in the financial economic literature. These studies evidence of a negative and asymmetric relationship. Specifically a negative return is generally associated with a large increase in volatility whereas the same magnitude of positive return is associated with a relatively small decrease in volatility. Traditionally, two representative hypotheses, the leverage hypothesis and the volatility feedback hypothesis, have explained this phenomenon. According to the leverage hypothesis, if the stock price of a firm declines, the relative proportion of equity (debt) value to the firm value decreases (increases) (See Black (1976) and Christie (1982) ), which makes the firm's stock riskier and increases its volatility as a result. The volatility feedback hypothesis states that the negative change in expected return tends to be intensified whereas the positive change in the expected return tends to be dampened and these effects generate the asymmetric volatility phenomenon (See French, Schwert, and Stambaugh (1987) , Campbell and Hentschel (1992) , and Ghysels, Santa-Clara, and Valkanov (2005) ).
Although many studies have reported the asymmetric and negative return-volatility relationship using low frequency (i.e. weekly or monthly) data (See Bekaert and Wu (2000) and Avramov, Chordia, and Goyal (2006) ), the two hypotheses may not be appropriate to explain the return-volatility relationship at a higher frequency (i.e. daily or intraday) level in that the leverage and volatility feedback effects are related to the changes in the fundamental factors of firms, and thus may only be reflected in the long run. Another limitation of most previous studies is that they base their research on either historical or realized volatilities, which contain little information on the future state of the market and investor sentiments. With this in mind, adopting the models of Hibbert, Daigler, and Dupoyet (2008) , which incorporate the behavioral explanations on the asymmetric volatility phenomenon, this study investigates the short-term dynamic relationship between the stock market return and the implied volatility using the daily and intraday data on the Korean market.
We analyze the short-term relationship using VKOSPI (Volatility Index of the KOSPI200) as our implied volatility measure because of the unique traits of the KOSPI200 index options market. The VKOSPI is a recently published market volatility index and is calculated from the market prices of the KOSPI200 options, which are the most actively traded derivatives in the world. Despite the large trading volume of the KOSPI200 options, there is little academic research on the Korea's implied volatility index and, to our knowledge, not even a single paper investigates the intraday properties of the VKOSPI. Another important trait of the KOSPI200 options market is that domestic individual investors actively trade the options and the options market is very speculative as a result. Considering that the domestic individuals, who are dominant market players in the KOSPI200 options market, but tend to be easily affected by market sentiment and other behavioral biases, and that the options market is very speculative and reflects information shocks very quickly, the volatility index implied by Korean's index options provides an ideal opportunity to examine the short-term asymmetric returnvolatility relationship, which might result from the behavioral bias of market participants.
The empirical results of this study show that there exists a strong negative and asymmetric relationship between the stock market return (KOSPI200 return) and the change of the implied volatility index (VKOSPI) at both the daily and intraday levels. This asymmetric volatility phenomenon (detected using high-frequency data) indicates that neither the leverage nor volatility feedback hypothesis adequately explains the results. The results also suggest that negative returns have greater power for explaining the return-volatility relationship than positive returns do and that, among the negative returns, the extremely negative return has a dominant role in explaining the observed asymmetric volatility and the return-volatility relationship. Considering that Avramov et al. (2006) claim that the uninformed individual trading can generate asymmetric and negative returnvolatility relationship and that Hibbert et al. (2008) suggest the positive association between the asymmetric volatility and investors' behavioral biases, we might attribute the asymmetric volatility detected by the high-frequency data to the higher participation rates of the domestic individuals and the fast change of market sentiments found in the KOSPI200 options market.
The rest of this study is organized as follows. Section 2 describes the KOSPI200 options market, the VKOSPI, and the sample data. Section 3 explains the regression models and discusses the empirical results. Section 4 concludes this paper.
KOSPI200 options and VKOSPI
Since itsintroduction in 1997, the trading volume of KOSPI200 options has sharply increased and is currently the single most actively traded derivative security in the world. Unlike institutional investors who mostly participate in the options market for hedging purpose or broad portfolio management issues, individuals, who mostly seek short-term profits and trade options to enjoy the leverage effect provided by the option contracts, are highly speculative and potentially more easily affected by the behavioral bias and market sentiments. Second, the relatively high concentration of investors in the out-of-the-money (OTM) and deep-OTM options market also implies that the KOSPI200 options market is a very speculative market (See Ahn, Kang, and Ryu (2008)). Third, because of the presence of many professional investors and day traders who try to make short-term profits, the KOSPI200 option prices can reflect market information and investors' expectation very quickly (See Ahn, Kang, and Ryu (2010) and Ryu (2011)).
The VIX is a widely used market indicator to measure expected market volatility, market sentiment, and investors' fear. Recognizing the necessity of a volatility index which can represent and summarize the opinions of investors investing in the Korean financial market, the Korea Exchange (KRX)
introduced the volatility index implied by the KOSPI200 option prices and named it VKOSPI.
Though the VKOSPI is the product of thorough research and preparation by experts in academic community and financial industry, there is little research investigating the VKOSPI in academia.
The VKOSPI has only been publicly reported by the KRX since April 19, 2009. Nevertheless, using the "fair variance swap" method that is used to construct the VKOSPI and the VIX, one can replicate the VKOSPI before the official publication date. 4 The daily VKOSPI and underlying KOSPI200
index price data in this study covers the period from January 2003 to December 2010. We also obtained the intraday (1-min interval) VKOSPI and the index price data from the KRX from March 3, 2008 to May, 13, 2010. Table 3 presents summary statistics for daily stock index price and return and for daily VKOSPI level and its change. S t denotes the daily closing price of KOSPI200 index. lnR t is the log-return of the KOSPI200 index price and |lnR t | denotes its absolute value. VKOSPI t and ΔVKOSPI t represent the level and first-difference of the implied volatility index, respectively.
Models and Empirical Results

Daily Results
FollowingHibbert et al. (2008), we ran the following five regression models to investigate the daily and intraday return-volatility relationship.
M1:
ΔV t =α+β 0 R t +β -1 R t-1 +β -2 R t-2 +β -3 R t-3 +β 1 R t+1 +β 2 R t+2 +β v,-1 ΔV Where, V t is the level of the VKOSPI at time t; ΔV t (=V t -V t-1 ) denotes the change in the VKOSPI from time t-1 to time t; R t is the log-return of the KOSPI 200 index at time t; RV t denotes the realized volatility at time t, (which is calculated from the 5-minute intraday data on index prices); ε t is an error term; and β is the regression coefficient to be estimated.
Model M1 is the most complicated model and contains all lead and lag return terms (R t-1 , R t-2 , R t-3 , R t+1 , R t+2 ) capturing the intertemporal return-volatility relationship, absolute contemporaneous return (|R t |) capturing the asymmetric effect of current return to volatility, lagged implied volatility index changes (ΔV t-1 , ΔV t-2 , ΔV t-3 ), and the realized volatility changes (ΔRV t ). Models M2, M3, and M4 are versions of the model M1. Model M4 is the simplest model of which explanatory variable is only contemporaneous return. M5 is also a simple model. In model M5, volatility is measured by squared returns. Based on the adjusted-R 2 values, we can measure the explanatory power of each model. By comparing the size and significance of the β coefficients in each regression model, we are able to determine which factor has more power in explaining the change of volatility. Table 4 shows the estimation results for the five regression models using daily data. Though the differences of adjusted-R 2 values across the models are not large, the table indicates that the M1 model exhibits greater explanatory power than all the other simple models. On the other hand, the more complicated model M2 (which contains both lagged implied volatilities and the realized volatility as explanatory variables) has a even lower adjusted-R 2 value than the two simpler models M3 and M5. This indicates that past implied volatility and current realized volatility do not play a critical role in explaining the current change of the implied volatility index for daily data.
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The significant negative coefficient of the current return (R t ) for all models suggests that there is a contemporaneous negative relationship between the returns and implied volatility changes. Further, the absolute value of its coefficient is much larger than those coefficients of lagged and lead returns (R t-1 , R t-2 , R t-3 , R t+1 , R t+2 ), which indicates that the contemporaneous return is the most important determinant of the change of the VKOSPI. The coefficient of the contemporaneous absolute return, |R t | in both M1 and M3, is both significant and positive. The different magnitudes and signs between the two coefficients of returns R t and |R t | indicate an asymmetric volatility response to positive and negative returns at the daily level.
In models M1 and M2, the insignificant coefficients of the lagged returns, R t-1 and R t-3 , and the positive coefficient of the lagged return, R t-2 , provide evidence against the leverage hypothesis. This follows because the positive (negative) return shock should have a significantly negative (positive) effect on the change of future volatility under the leverage hypothesis.
Intraday Results
Table 5 presents the estimation results for the five regression models using the intraday KOSPI200 index return and the intraday VKOSPI data. 7 As the frequency increases (i.e. from 30-min to 1-min), the fitness of each model measured by the adjusted-R 2 generally increases. Unlike the daily estimation results, the explanatory power of the more complicated models, M1 and M2, are far greater than those of the simpler models,M3, M4, and M5. Specifically, the adjusted-R 2 values of the M3, M4, and M5 models are all below 16%, while the values of the M1 and M2 models exceed 90% for all intraday intervals. The coefficients of lagged returns and lagged VKOSPI are also highly significant in M1 and 6 The coefficient of the realized volatility is not significant in the model M2. 7 For the intraday analysis, the realized variance term is omitted.
M2. These intraday results show stark contrasts with the daily results and imply that using the information on the intraday serial correlation of the implied volatility index enhances the model performance.
The larger and negative coefficient of R t and the smaller positive coefficient of |R t |, which are significant in all models and in all intraday intervals, indicate that there exists a strong asymmetric and negative return-volatility relationship even at the high frequency intraday level. However, the the leverage and volatility feedback hypotheses, are not applicable to the intraday results because they are only adequate to explain the long term return-volatility relationship. It is not reasonable that a firm's leverage significantly changes within a day. Meanwhile, the risk premium assumed in the volatility feedback hypothesis also tends to change within the long-term business cycle rather than within the intraday interval.
Given the common perception that the index options traders who trade based on the future expected volatility determin the level of the VKOSPI, the behavioral explanation suggested by Hibbert et al. bias is a major factor causing the asymmetric and negative return-volatility relationship. As noted in the previous section, it is known that there are many uninformed, individual investors in the KOSPI200 options market who trade on noise, trade frequently and collectively account for the huge trading volume of KOSPI200 options. Therefore, we might attribute the strong asymmetric and negative relationship between the KOSPI200 return and the VKOSPI, which is detected by the high frequency data, to the active participation of individual investors who are more easily affected by behavioral bias compared to their institutional counterparts, and to the investors' frequent intraday trading in the KOSPI200 options market.
Positive and Negative Returns
In order to further investigate the asymmetric impacts of returns on volatilities, we separate our analysis by using only positive or negative returns. compared to the cases of positive returns, the adjusted-R 2 values is more than doubled for the negative returns. The absolute size of the R t coefficient of each model is about twice the size and more significant in the negative return case than in the positive return case. The lead and lagged returns give a similar interpretation. The lagged implied volatility indices (V t-1 , V t-2 , V t-3 ) also have more significant explanatory powers for negative returns. The evidence shows a clear asymmetric volatility relationship. Further, the positive and/or insignificant coefficient estimates of the lagged returns (R t-1 , R t-2 , R t-3 ) suggest evidence against the leverage effect hypothesis.
To investigate the effect of the negative return in more detail, we sort returns based on the absolute size of positive and negative returns, respectively. Table 7 shows the estimation result of the M1 model, which has the best model fitness, for five return quintiles of positive returns (Panel A) and negative returns (Panel B). In each Panel, the first (fifth) quintile indicates the largest (smallest) return magnitude category. For example, in case of positive returns, the first return quintile has the most extremely positive values whereas the first return quintile has the extremely negative values in the case of negative returns. While we can't find a significant difference of model fitness across return quintiles in case of positive returns, the adjusted-R 2 value of the model is remarkably high at the first quintile of negative returns. In addition, the negative coefficients of R t for the first quintile in
Panel B not only has far greater absolute value but also is the only significant R t coefficient. In general, the evidence in Table 7 shows that the asymmetric and negative return-volatility relationship is considerably dependent on the extreme returns. One possible explanation for this observed dependency is the high participation and heavy speculative trading volume of individual investors in the KOSPI200 options market, who are very sensitive to bad news.
Conclusion
We examine the return-volatility relationship by analyzing high frequency data on the KOSPI200 index and the VKOSPI implied by the market prices of the KOSPI200 options. The strong and significant asymmetric and negative short-term relationship suggests that neither the leverage or volatility feedback hypotheses satisfactorily explain observed behavior in the Korean market. Rather, one possible explanation for this result is the frequent trading and active participation of individual investors who collectively dominate the Korean market. This is consistent with the conjectures by Avramov et al. (2006) and Hibbert et al. (2008) . Our results also show that the asymmetric and negative relationship is more pronounced in the presence of extremely negative stock market returns.
Again, if individual investors are more sensitive to bad news than institutional investors, then the greater speculative trading by individuals might explain this phenomenon in the KOSPI200 options market. This is the first study that examines the intraday properties of the VKOSPI and should serve as the starting point for further research on this index. The behavior of volatility indexes, in general, and the VSKOPI, in particular is a matter of great interest to practitioners, academics, and policymakers alike. It is also important for derivative exchanges as they prepare to launch volatility -related derivatives such as VKOSPI futures. 
